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:lVy: invention.relates fo leakdeteators,-andmere 
particularly fo leak. detectors of the audible«type 
ïor qocating leaks, in:,.vacuu, m systems. 
 In searching forqeaks in vacuumsystems,, it..is 
the usual ,practice for .an operator, to subject sus- 
 pected:parts 0f the: system,to a-stream.of some 
,gas differing- markedly from:air: in,-some:property 
utilized for measuring, pressure,-such,as ioniZation 
orthermal«conductivity. vVhen.:the-stream of 
. gas, such,,as--propne. or he':]ike,, is -p]ayed. on a 
leak,, the pr-essur6,reading will,. change,, due fo the 
 entance of  the fereign gas. into thesystem. 
is:broughtabout by:thechange in:-the imization 
current: o£ a.n ioizatiön gaUge, 'due fo .the. change 
in:the gas pressuze:in the:-vacuum:sysem«or dif- 
ference in:ionzation probabilityof the:fór-eign 
gas. :Such change in curent.is thus.noted,-on :an 
 electri_cal indicator. I-Iowever«. difficuly,:aises:in 
. noting a.-pressure change reading:and colatng 
it exactly with t_he position-.of  the leak. 
._In sing. leak, detectorsi of :th.is charac,er it h as 
_been the-prctice for,che operar.£o :apply-the 
:ga.s !fo-the suspe.ct.ed:pr%s-of the.,system:to--be 
:  _t2-ted.hile: he:other :0p.et ato.-ça£ch.es  the: indi - 
  cator:.Çrzrcorder, for .effects-produeed. :-I.:eciuip- 
men.ts:.ef Substa.nt.il .sze:the::cor.ding.or indi- 
ctirg .appart:us: maF.:b.e.. !ocated: soe ,:.distance 
waY:SO.that:it s ne_CeSs,ry for t:he:wo.,ol.erators 
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Applict hsas anoher obj  oï his in.vençion 
he.prosio çof:aadïb]e ïël detecrherin 
the change  inï5n.izafi0n c.en. 
gauge due o.eçbpgë:.in.gg 
=5 ..vacu-systç,..prgce s a veag phae hich 
 in turn :predqs :an: audible s$ al. 
.-&pplcat.:hÇs. as a f:urer, objet 
tionthe:osien qfÇn aU!b!ë leak dctor:f0r 
convet!ng: the: Vpgehage, .dpe .to. thë, phapge 
!0 of-ga-ese iP a.:Çcu-yste,.,into« a pt- 
ing vottage:of:pangiag frqueçy-and ttenno 
. audible :soqud:-wes 
Agplc:nt bas. as :. fnr ther objct f= his. inven- 
tion-the preAsion of an-audible lek deter 
15 vhos çreque is. altered/in. espense :O te 
detection of«a le in. a veu.sysem. 
, :App.iica:nt£aSS:  Siïl f-ir thër 0bi ect of hiS m- 
yenten:the provision-0f n udibe..leak: 
for vCU .çystems whch .elnates. the .Ue- 
20 si-able: and harshhigher, fequencies and which 
Okher obJec and advantages of my 
..çi0n wilL ppe, ar.-fl:om-the follog 
25-- :ceomPany,ing. dravings 
 -çes-heeef Wii-Se Rarticuialy, 
:.In .the dçawigs,..Fgue 1, is a schemÇc_.çf:a 

to maint, aincommunicaion-thrq.ug:h a.tele.phqe suitable form oï Piraniacuum..goEuge ..to be sed 
,correction. is intró,d.ue:es ::a tie d,elay-,tt] ,30 .asa part of.my, improved éal dtctor. Fi_'gure2 
resultn,g inaccuracies,:,&ince the ,_flrst. oper,a_tor' ,_is acircuit diagram of Che fom.of the 
maY ,have .mov.ed on: _to :ot.es__useced:p.a:!s::.be- .empl0Fçd in :my improed..eak d¢ct.0 r. 
 f_ore he re¢ive a: comm:uniçation.-frm he.sec- In: lek:detction the Pirani .t.Ubemakes_a,.v_ery 
ond operateras :ço,the tatus. oï e indic.ar. ç0nvenient.Pressure:gaugëfpr hïs,purp0s.e 
This makes t-he::op, eçati0_n:coning:and :iq_efi-:5,it::pç0vid,es a continuUs .tic,v. of inïormhti0.n. 
.ci.e.:nd 0fter:req.es.:a«gr¢.a:Ïç.lï0re :iime  Th:is:gauge measurcs pure .i.niré.ctly dd e 
.nd:efforto locate the leaks. 0peration ,of this hot wire:gge .s .baed :onflhe 

princple.that,:the leat:,c0nduçtiVity of 
!ow.pressures, e., g..below 10Ç0 microns, !s pro- 
porionat,to its pressure. Thegag measures çthe 
resistance of . length pf _wire. :The wire. 
closed in a tube attached.to khe. vcuum s.y:m 
:so that the wire is exposçd :to thes.ame ,acuum 
,as,s in the system. The..w.'re..is heççd bF 
-e!ectr$c current flovdng thr.0ugh it...Withè  
tain rnge,..the tempêrture/of.the wire, and thus 

!ek .:is entered::so:..that: it may be n.n.tly : gasçs, surroundi:ng the Wire. W!en( e.pre_ssure 
.and nnmistatably located, is decre.ased, relativelyless heat escap.esirQm;.te 
: Applicant has as another.0bj ect of.hi Ànnon: 50 wire, its temperature : rises, }vih coaequent:. - 
the provision of a vacuum leak de.te.çor-t.e jndex crease in resistance,, and he, me, ter. rçads fer!er 
»of he:,ontput:of;wh: e_s.:up0n..the e.t.ec_tion  microns of pressure. 
:o£a. t_eak ,and: rCm.an, s:. a  t.h. e:n. _ew_,.leLe]<:s»l,as A simplifled arrangemen of the Pirani tube is 
.gs. isçppligd:to./the,. 1.¢ak,c.th_ee_bY::Cqrui/.ng,.,:to fllustrated in Figure ï. It ,is désrabë t] lïe 



3 
order to measure various slight changes in the 
resistance of the wire in the Pirani tube for slight 
changes in pressure, this length of wire is ruade 
one of the four resistances of a sensitive Wheat- 
stone bridge. The gauge unit which is attached fo 
the vacuum sYstem, preferably contains all four 
resistances , 2, 3, 4. lesistances 2, 3 and 4 are 
preferably sealed in tubes, and wire resistance  is 
in a tube connected directly fo the vacuum system, 
as indicated ai 5. lesistances 2, 3 and 4 are ai 
substantially constant pressure and uniform 
temperature. The resistance of element  changes 
in response to changes in pressure. Slight 
changes of resistance unbalances the Wheatstone 
bridge and are reflected in voltage changes af the 
output 8. Ordinarily they are recorded by a meter 
connected into the circuit af this point. Power 
is fed to the system ai the juncture of resistances 
3, 4 and , 2 by a conventional power supply 7 fed 
from line 8 and controlled by switch 9. 
As hydro-carbons bave a different thermal 
conductivity than air this gauge is affected when 
gas, such as propane is introduced in the aïea 
of the leak, as heretofore indicated. 
The output 8 of the circuit of Figure ! ïeeds 
into the input 0 of the circuit of Figure 2. The 
input feeds the control grid of pentode amplifier 
, preferably of the 6SH7 type, through re- 
sistance 2 and is connected fo the cathode cir- 
cuit of the tube and negative lead oï the power 
supply. Bridging the grid cathode circuit of 
tube  are the stationary contacts of a single 
throw double pole switch 3. Also bridging the 
grid cathode circuit oï amplifier  is a grid 
condenser J, preîerably of .25 ml. size. The 
amplifier  is biased by a resistor S of about 
500 ohms size. Bridging the screen grid and 
cathode circuit of amplifier [ is a condenser 
8, preferably of about 4 mi. The plate of am- 
plifier  is fed through the winding of poten- 
tiometer 7 from the positive side of the power 
supply and is preferably of about 50,000 ohms 
resistance. 
The flrst triode o double triode tube 8, pref- 
erably of 6SC7 type, is capacitatively coupled fo 
amplifier  through resistances 9 and 29 and 
condenser 2 fo the moving contact of poten- 
tiometer 7. The resistances are preferably 
500,000 ohms each and the condensers are preï- 
erably 1 ml. and .1 ml., respectively. The grid 
of the second triode of tube 8 is joined fo the 
moving contact of switch . The cathode ls 
connected fo the negative oî the vo!rage source 
through a cathode biasing resistor 22'. The 
anode of the second triode of tube 8 is coupled 
to an output amplifier 3 through a potentiom- 
eter 24 of preferably 100,000 ohms and a con- 
denser 2 of preferably .01 ml. connected in 
series and across the anode-cathode circuit of 
a tube 8. The control grid of pentode 23 pref- 
erably of the 6SH type is fed from the moving 
contact of potentiometer 24. 
The anode of tube 23 is connected threugh 
resistance 2 fo the positive of the power source 
and feeds its output through a low pass iilter 
ruade up of inductance 27 of the order of 10 mh. 
and condensers 2, 29 of the order of .001 ml. 
The filter is fed through blocking condenser e 
for removal of D. C. The low pass iilter feeds 
into the output circuit 3 which is in turn con- 
nected fo an audible indicator, such as a pair 
of head phones er loud speaker 3. Across the 
screen grid and negative of the power source 
is a condenser 32 of about 4 tuf. In the cathode 
circuit is cathode biasing resistance 33 shunted 
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by condenser 34. The former is of about 100,000 
ohms size while the latter is of about 20 ml. 
Power is supplied to the screen grids of tube 
 and 23 through resistances  and 38 which 
 are of the order of 15,000 ohms and 20,000 ohms 
respectively. The free ends of resistances 3, 
are joined together and connected to a low volt- 
age output of the power source, to be described 
more in detail hereinafter. 
10 Bridging the anodes of double triode tube 
is a relaxation oscillator which comprises a re- 
sistance 37 oï preferably 1 megohm size and the 
condenser 38, of preïerably .002 tuf., connected 
in series. The condenser 38 is shunted by neon 
1; tube 39 which breaks down at some predeter- 
mined potential such as 60 volts. The plates 
tube 8 and also the relaxation oscillator are 
fed from the power source through load resist- 
ances 4}, 4, preferably of 50,000 ohms each. 
20 Connected across the free ends of the load re- 
sistances 4, 4 are the stationary contacts of 
potentiometer 42 while the moving contact of 
the potentiometer is connected to the higher 
positive lead of the power source. The setting 
25 of the movable contact of potentiometer 
therefore contro]s the frequency of the relax- 
ation oscfilator and likewise controls the actions 
of the two triodes of tube ! 8. 
As is characteristic of these forms oï oscll- 
3O lators, condenser 3 charges up through resist- 
ance 3 until it reaches the threshold voltage of 
glow tube 39, whereupon the glow tube lights 
up and discharges condenser 38. The cycle 
repeated over and over again producing an 
35_perfect or modified saw tooth wave. The fre- 
quency of this oscillator is dependent on the 
constants of the circuit. However, for any given 
set of constants its frequency depends upon the 
potential difference across it, and varies with 
 suchpotential difference. 
Power is supplied to this circuit through a 
conventional power source. The power line is 
indicated at 3 connected through a switch 
to the primary oï a transformer 4. The trans- 
45 former 4 has several secondary windings. One 
of these secondary windings has a center tap 
ïor providing the negative lead ïor connection 
fo tl]e negative lead oï the power source. ?he 
end leads of this wfl]ding are connected to the 
50 l,plates of the usual double wave rectifier 
The cathode of the rectifier is heated from a 
secondary winding of about 5 volts. The lead 
from the center tap and the lead from the cath- 
ode of the tube feed into the usual low pass 
55 fllter comprised of inductance 47 of the order 
of 10 henries and condensers 48, 49 of the order 
of 8 ml. connected in a "" arrangement the 
condensers forming the legs of the "r." This 
filter in turn feeds into variable resistance 
60 and to plates of tubes , 23 and the moving 
contact of the potentiometer 49-. Bridged across 
the filter output are voltage regulator tubes 
2, connected in series. The juncture of these 
tubes 5, 2 is connected to the screen grid cir- 
65 cuits of tubes , 23 and supp]ies the power 
therefor. There is an additional secondary wind- 
ing in transformer 4 which supplies heating 
current to the various cathode heaters of tubes 
, 8 and 23 but the connections thereto are 
70 conventional and have been omitted for the 
purpose of clarity. 
In its operation, the application of gas to the 
leaks causes the resistance of element | fo change 
as the gas enters the vacuum system. This un- 
7; balances the Wheatstone bridge and produces-a 



Voltag a(s¢ê 5ïUt 6 Whic .is impressed 
across-the input 0 o e circuit of gure . 
th e sngle throw switch 3 is-closed  the lower 
.contact position and the sigl voltage positve 
the grid .of the pre-mplifier tube 
more positive, ncresing the conduction Of' the 
be and-maMng ifs plate morenegtive. Thi 
negative signl is appled fo the couplg con- 
denser 2 nd to the grid of the rst triode o 
tube 18 in :the fom of-a./pse...This:causes:the -I0 
grid of the first triode of tube 18 to grow more 
negative and the potentiel of the plate of tht 
tube fo re  ifs opertion is so mited. Ts 
increases the potential difference between the 
plates of the two triodes of tube 
the relaxation osciator nd creses the fre- 
quency of the oscfllar. e output of the oscfl- 
lator is fed through the power ampler 25 nd 
low pass filter fo the output $. This is in the 
form o a pse and produces a higher momen- 20 
ta change in the sound frein the speaker or 
hed phones in the output   of the circuit. The 
low pass filter tkes out the higher undesirble 
frequencies and mes the note more plesing. 
With the circuit s described bove employing 
capacitative couplg through condeer l be- 
tween tubes   and 8,  sudden change in pres- 
sée "redg" wi press a volte change on 
the input of the circuit of gure 2 and the out- 
put of tht circuit will produce 
change  frequency which will be reproduced s 
 transitory squeal. 
Now,  the switch I be shifted te the upper 
contact position, the input signal will be im- 
pressed upon the grid of the second triode of tube 
8. sing a positive signal s indicated 
bove, the effect will be to incree the con- 
ductance of the second tode of tube 8. As the 
second triode of tube  8 conducts more, the node 
of the tube becomes less positive and more nega- 
tire. This fther creses the potentiel differ- 
ence across the relaxation oscflltor, since, in re- 
snse to the saine signal the first triode oï tube 
8 conducts less, as previoly described. This 
greater potential fference cross the relaxation .45 
oscfllator accentuates the trnsient signl by in- 
creasing the frequency of the oscilltor.  this 
latter arrangement, there is  further difference 
In operation. The second triode of tube 18 is 
dectly coupled as stinguished from capcit- 
tively coupled te the input  @ of the circuit so tht 
in addition  the trnsient squel the frequency 
nf the oscilltor is maintined ai a higher level 
than before so as to produce a new stedy stte 
incating approximtely the bsolute pressée 
reding. This is due to the fct tht once the 
signal is pplied fo the grid of the second triode 
it continues te conduct af the incresed rte as 
long as the signal continues. In effect, the second 
triode responds te the signl level rather thon 60 
solely fo changes in signal level s is the cse 
with the first tode. 
If wfll be noted tht seprte power soces or 
supplies bave been shown for the circuits of Fig- 
65 
es 1 and 2. If desired, a sgle power source or 
supply my be used for this ppose instead of the 
two shown here. Although the foregoing ccuit 
hs been described in coection with a pressure 
gage, if is even more coon fo use if with n 
ion gage sted, se tht the invention is net 70 
limited fo the use o,f this circt with ny pr- 
ticr te of gge. 
If will also be understood frein the foregoing 
that double triode tube 8 acts with resistances 
,  and  fo provide  resistance bridge cir- 75 

:¢it lïerein-tlie tule ï8 -"cbmlr.ises ::ät :lest .ore 
:5f:the:.lesofte rige. 
:-Havg::th des'cîbe my:-mvention,. I' cla: 
:i. 'In a vacu, leak detector:sYstm,.mea,to 
produce  voltge Cag:incc0rdnce Wlthan 
iotion 'change,. a eSistnce :.brie ciiuit 
hvng: for at.tét:0e..6f its: legs. a VCuum!tube, 
meto-pply-sid oltge.chnge te the control 
electrode of sid wcu tube te thereby alter the 
restnce of-the tube in ccordnce with the 
.voltge change, means coected across.'he out- 
put of sid bridge circuit fo tra-ns:latehe;nb]- 
anced bridge voltge into pulsating voitge oï 
uo-frequency, and moins for rendering 
auble sid pulsting voltge. 
2. In a vacu leak detecr system, mea to 
produce a voltge change in cordance with an 
ioation change, a resistance bridge circuit hav- 
ing for t le,st one of ifs legs a vacuum tube, 
mea fo apply sid voltge change fo the control 
electrode of sid vacu tube fo thereby alter the 
resistance of the tube in accordnce with the 
voltage change, interrupter mea coected 
cross the output o sid bridge coecuit fo tra- 
lte the unblnced bridge voltge into pulstg 
voltage of auo-frequency, and means for ren- 
deg udible sid psting voltge. 
3. A lek detector of the chrcter described in 
which a foreign gs through a leak ces a volt- 
age change in a gage, mea clung an elec- 
tric dchrge device for tralating sid voltage 
change into a traitory frequency change, a cir- 
ct for tralating sid voltage change to a 
different frequency of stedy stte, nd me 
for convertg the tritory frequency change 
and the frequency of steady stte into auble 
sod waves. 
4. A lek detector of the chracter described in 
which a foreign gs through a lek cuses  
voltge change in  gage, a blanc circt fed 
by the gauge, an oscillator, mens inclung an 
electric dchrge device coupled directly fo sd 
circuit and responsive fo sid voltge change for 
changing the frequency of the oscflltor fo a new 
stedy stte, nd me for converting the fre- 
quency changes into uble signals. 
5. A leak detector of the character described 
in which a foreign gs through a lek cuses a 
,voltage change  a gage, n oscilltor, a circuit 
cludi an electric discharge device coup!ed 
fo the oscillar and responsive fo sid voltge 
change for producing a trnsitory frequency 
change of the oscflltor, and me for convert- 
ing the transitory frequency change into an aud- 
ible signal. 
6. A leak detector of the chrcter describ 
in which a foreign gs through a leak ces a 
voltage change  a gage, n oscilltor, mea 
including n electric scharge device responsive 
fo sid voltage change for producing  transitory 
change in OErequency of sid oscflltor, dditional 
me inclung an electc dchrge device re- 
spoive fo said voltage change for chnging the 
frequency of the oscillator fo a new stedy state, 
and means for translting the output of sld 
oscilltor into uble sound wves. 
7. A leak detector for vcu systems compris- 
ing mea for producing voltage changes in ac- 
cordnce with pressure changes, a restnce 
bridge hving for ai least two of ifs legs electric 
dischrge devices, mea for coupling one of said 
dischrge devices te sid voltge change pro- 
ducing means for tralating sid voltage 
changes into transiry frequency changes, 
means for directly coupling a second of said dis- 



charge devices o said voltage change produclng 
means for translating said voltage changes into 
different frequencies of steady state, said bridge 
having means bridged across its output OEor con- 
verting voltage changes.into frequency change s, 5 
and an audible indicator fed by the bridge for 
rendering audible the changes in frequency. 
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